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(57) ABSTRACT

An antenna device having a magnetic core to be surface-
mounted on a circuit substrate includes a pair of coil portions
spaced apart from each other at a predetermined interval. The
coil portions are connected by a connecting conductor. An
end of the magnetic core 1includes a curved or bent portion
curved toward the circuit substrate. This structure defines an
RFID antenna device having an improved receiving sensitiv-
ity that can be surface-mounted without increasing the thick-
ness of a casing of a mobile electronic device.
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1
ANTENNA DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to antenna devices that can be
utilized as an antenna in mobile electronic devices, for
example.

DESCRIPTION OF THE RELATED ART

As disclosed 1n, for example, Japanese Unexamined Patent
Application Publication No. 2004-153463 and Japanese
Unexamined Patent Application Publication No. 2006-
050522, antenna coils are mounted in casings of mobile elec-
tronic devices, such as mobile phones, that are equipped with
RFID (Radio Frequency Identification) radio tags communi-
cating with external devices via electromagnetic signals.

According to Japanese Unexamined Patent Application
Publication No. 2004-153463, data carrier signals from the
outside are recerved by an antenna coil mounted on a sub-
strate included 1n a mobile phone so as to transmit and receive
data 1n a non-contact manner to and from a reader/writer. The
antenna coil of Japanese Unexamined Patent Application
Publication No. 2004-153463 i1s a substantially planar coil
adhered to a planar magnetic core. The antenna coil 1s
mounted so that the axial direction of the antenna coil 1s
substantially perpendicular to the mounting substrate, that 1s,
the axial direction 1s substantially perpendicular to a plane of
the casing of the mobile phone terminal.

An antenna coil according to Japanese Unexamined Patent
Application Publication No. 2006-0503522 i1s used as an
antenna for radio-controlled clocks and RFID systems, and 1s
disposed 1nside a casing. A coil of this antenna coil 1s wound
around a magnetic core made of a magnetic body. Ends of the
magnetic core of the antenna coil are bent 1n a direction away
from the adjacent casing or a metal portion of the adjacent
casing. Such a configuration enables many magnetic fluxes
entering the casing to converge, which enables the antenna to
be highly sensitive.

Systems for checking tickets by prompting users to place
RFID-equipped mobile phones having the aforementioned
antenna coils, instead of commuter passes, over automated
ticket gates and exchanging user information have been pro-
posed. Generally, users place a principal surface of mobile
phone terminals 1n a substantially horizontal orientation over
a detecting surface of areader/writer. In this case, the majority
of the magnetic fluxes that radiate from the reader/writer enter
the mobile phone 1n a direction substantially vertical to the
principal surface of the mobile phone. A liquid crystal display
panel, a keyboard, an RF circuit substrate, and a battery are
included 1n a casing of mobile phone. Since these components
have a substantially planar ground electrode, the magnetic
fluxes that are substantially perpendicular to the principal
surface of the mobile phone terminals cannot penetrate the
mobile phone terminals.

An antenna coil described 1n Japanese Unexamined Patent
Application Publication No. 2004-153463 1s mounted so that
the coil axis 1s substantially perpendicular to a principal sur-
face of a circuit substrate. Accordingly, when the aforemen-
tioned communication configuration 1s used, the magnetic
fluxes entering the casing of the mobile phone terminals are
transmitted through the coil axis of the antenna coil, which
can 1nduce the current in the antenna coil. However, since a
lateral area of the magnetic core 1s relatively small in Japanese
Unexamined Patent Application Publication No. 2004-
153463, the radiation efficiency of the magnetic fluxes trans-
mitted through the antenna coil 1s relatively low. Accordingly,
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it 1s difficult for the magnetic tluxes to enter the mobile phone
and the current caused in the antenna coil 1s significantly

weak. Accordingly, there 1s a problem 1n that the optimum
antenna sensitivity cannot be achieved.

On the other hand, an antenna coil described 1n Japanese
Unexamined Patent Application Publication No. 2006-
050522 1s configured so that the coil axis 1s substantially
parallel to a principal surface of a circuit substrate. Since a
coil 1s wound around a central portion of a magnetic core 1n
the antenna coil described 1n Japanese Unexamined Patent
Application Publication No. 2006-050522, magnetic fluxes
can enter the bent ends not having the winding coil. When
users place mobile phone over a reader/writer of automated
ticket gates, the users generally intends to place a central
portion of the mobile phone terminals over the reader/writer.
However, since the antenna coil described 1n Japanese Unex-
amined Patent Application Publication No. 2006-050522 1s
configured to recerve the magnetic tluxes at the ends thereof,
the current mnduced 1n the antenna coil by the incoming mag-
netic tluxes is relatively weak when the central portion 1s
placed over the reader/writer. That 1s, the possibility of suc-
cessiul communication with automated ticket gates that func-
tion as readers/writers becomes very low. When the commu-
nication with the automated ticket gates 1s not performed
successiully, the automated ticket gates block users of the
mobile phone from entering. Since the number of people
passing through the automated ticket gates per unit of time
during rush hours in metropolitan areas 1s extremely high,
major disruptions may occur when the automated ticket gate
systems frequently block the human flow due to a communi-
cation failure.

To improve communication performance of such antenna
coils, the antenna coil described in Japanese Unexamined
Patent Application Publication No. 2006-050522 may be
mounted so that the coil axis 1s substantially perpendicular to
the principal surface of the mobile phone. However, such
amounting method causes a problem of an increase 1n the
thickness of the casing. Even 11 the antenna coil can be dis-
posed in this manner, the aforementioned ground electrode 1s
provided at the central portion of the mobile phone. Thus, to
avoid the influence thereof, the antenna coil must be disposed
at a corner portion of the mobile phone. As mentioned above,
when users place mobile phone terminals over a reader/writer
of automated thicket gates, the users intend to place the cen-
tral portion of the mobile phone terminals over the reader/
writer. The possibility that the coil axis of the antenna coil of
the mobile phone terminals 1s shifted from an area of the
reader/writer that enables the most efficient communication
1s 1ncreased, and there 1s a problem in that 1t 1s difficult to
maintain an optimum communication state.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred
embodiments of the present invention provide antenna
devices that can be surface-mounted on a circuit substrate of
a mobile phone or mounted 1nside a casing, that can decrease
the thickness, and that can achieve favorable communication
with a reader/writer.

A preferred embodiment of the present invention includes
an antenna coil mncluding a magnetic core that has a first
principal surface and a second principal surface facing the
first principal surface and that has a curved or bent (simply
referred to as “curved” herein) portion at least one end of the
magnetic core, and a coil disposed on the first principal sur-
face of the magnetic core, a coil axis being substantially
perpendicular to the first principal surface, and an opening
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disposed at a central portion of the coil, and a circuit substrate.
The antenna coil 1s mounted on the circuit substrate such that
the second principal surface of the magnetic core faces a
mounting surface of the circuit substrate.

Another preferred embodiments of the present invention
includes an antenna coil including a magnetic core having a
curved portion at least one end of the magnetic core, and a coil
that 1s wound around the magnetic core and that 1s defined by
a coil portion A and a coil portion B connected with each other
at a predetermined interval, and a circuit substrate. The
curved portion 1s provided at an end of the magnetic core
located 1n a direction of the coil axis of the coil. The antenna
coil 1s mounted on the circuit substrate such that the coil axis
1s parallel or substantially parallel to a principal surface of the
circuit substrate.

Preferably, the curved portion 1s disposed in a direction
along a lateral surface of the circuit substrate.

Preferably, at least a portion of an end surface of the curved
portion 1s located outside the circuit substrate 1n plan view.

The antenna coil 1s preferably mounted on the circuit sub-
strate with an interval therebetween.

Preferably, a flexible substrate having an electrode pattern
provided thereon 1s wound around the magnetic core to define
the coil.

Preferably, the antenna coil includes an electrode film,

which 1s insulated from the coil, on a surface of the magnetic
core that faces the circuit substrate.

The coil portion A and the coil portion B are preferably
wound around different magnetic cores, and coil axes of the
coil portion A and the coil portion B are preferably substan-
tially coincident.

According to a preferred embodiment of the present inven-
tion, the coil portion A and the coil portion B are preferably
wound around different magnetic cores, and coil axes of the
coil portion A and the coil portion B are shifted such that at
least a portion of a coil section of the coil portion A and a coil
section of the coil portion B that are projected onto a given
plane overlap one another.

Preferably, the coil portion A and the coil portion B are
connected by an electrode pattern provided on the circuit
substrate.

Alternatively, the coil portion A and the coil portion B may
preferably be connected by an electrode pattern provided on
a substrate different from the circuit substrate.

The coil portion A and the coil portion B are preferably
connected so that an electromotive force 1s not caused by
common magnetic fluxes that penetrate 1n a direction of the
coil axis.

Coi1l winding directions of the coil portion A and the coil
portion B around the coil axis are preferably different from
one another.

According to various preferred embodiments of the present
invention, antenna devices that can be surface-mounted on a
circuit substrate of a mobile phone terminal or mounted
inside a casing, and that have a decreased thickness can be
obtained. In addition, since the magnetic reluctance at an end
of an antenna coil 1s reduced, magnetic fluxes entering the
antenna coil can pass through a magnetic core more easily.
This improves the sensitivity of the antenna, and antenna
devices that achieve favorable communication with a reader/
writer can be obtained.

Other features, elements, steps, characteristics and advan-
tages of the present invention will become more apparent
from the following detailed description of preferred embodi-
ments of the present invention with reference to the attached
drawings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an antenna device describ-
ing a first preferred embodiment of the present invention.
FIG. 2 15 a perspective view of an antenna device describ-
ing a second preferred embodiment of the present invention.
FIG. 3 1s a conceptual sectional view describing a principle
of an operation of a preferred embodiment of the present
ivention.
FIG. 4 1s a perspective view of an antenna device describ-
ing a third preferred embodiment of the present invention.
FIG. 5 1s a perspective view of an antenna device describ-
ing a fourth pretferred embodiment of the present invention.
FIG. 6 1s a perspective view of an antenna device describ-
ing a fifth preferred embodiment of the present invention.
FIG. 7 1s a perspective view of an antenna device describ-
ing a sixth preferred embodiment of the present invention.
FIG. 8 1s a perspective view of an antenna device describ-
ing a seventh preferred embodiment of the present invention.
FIG. 9 15 a sectional view of an antenna device describing
an e1ghth preferred embodiment of the present invention.
FIG. 10 1s a perspective view of an antenna device describ-
ing a ninth preferred embodiment of the present invention.
FIG. 11 1s a plan view of a flexible substrate according to
the ninth preferred embodiment of the present invention.
FIG. 12 1s a perspective view of an antenna device describ-
ing a tenth preferred embodiment of the present invention.
FIG. 13 15 a plan view of a flexible substrate according to
the tenth preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present mvention will be
described below with reference to the drawings.

A first preferred embodiment will be described with refer-
ence to FIG. 1. FIG. 1 1s a perspective view of an antenna
device 106 that 1s a first preferred embodiment of the present
ivention.

An antenna coil 206 1s provided on a principal surface of a
circuit substrate 1. The antenna coil 206 can preferably be
readily adhered to the circuit substrate 1 using an adhesive or
a double-sided adhesive tape, for example. The circuit sub-
strate 1 preferably 1s a substrate provided 1n a mobile phone.
An RF circuit and a control circuit, not shown, are provided
on the circuit substrate 1. The circuit substrate 1 1s arranged 1n
a casing to be substantially parallel to a principal surface of
the mobile phone terminal. In addition, a ground electrode
(not shown) 1s provided on substantially the entire surface of
the circuit substrate 1 that faces a surface on which the
antenna coil 206 1s disposed.

The antenna coil 206 1s defined by a magnetic core 60 and
a coil 70. The magnetic core 60 has a first principal surface
and a second principal surface. The first principal surface
faces the second principle surface, while the second principal
surface faces the circuit substrate. In addition, curved por-
tions 61 and 62 that are arranged along lateral surfaces of the
circuit substrate 1 are provided at both ends of the magnetic
core 60. That 1s, the magnetic core 60 curves or bends near the
lateral surfaces of the circuit substrate 1. Since the magnetic
core 60 curves so as to sandwich the circuit substrate 1, end
surfaces of the magnetic core 60 are not disposed on the
circuit substrate 1. The end surfaces of the magnetic core
mean surfaces facing a curving direction of the magnetic core
and are located at leading ends of the magnetic core. In this
preferred embodiment, the end surfaces indicate surfaces of
the curved portions 61 and 62 that are arranged substantially
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in parallel to the circuit substrate 1. The coil 70 includes a coil
conductor 65 disposed on the first principal surface of the
magnetic core 60 that does not face the circuit substrate 1. The
coil 70 has a shape of a spiral on the surface, and the coil axis
thereol 1s perpendicular or substantially perpendicular to the
first principal surface of the magnetic core 60. An opening 63
not including the coil conductor 63 1s disposed at the approxi-
mate center of the coil 70. By providing the opening 63, the
coil conductor 65 does not prevent magnetic fluxes from
passing into the antenna coil 206, and the magnetic fluxes
from the direction perpendicular or substantially perpendicu-
lar to the first principal surface of the magnetic core 60 are
allowed to pass through. A through hole 1s disposed at a
conductor end 66 of the coil 70. The conductor end 66 of the
coil 70 1s electrically connected to an electrode (not shown)
disposed on a surface of the circuit substrate 1 that faces the
antenna coil 206 by soldering, for example, and 1s ultimately
connected to a terminal 7. A conductor end on a side opposite
to the side of the conductor end 66 of the coil 70 1s connected
to a terminal 8. The terminals 7 and 8 are preferably pattern
clectrodes that are provided on the circuit substrate 1, and are
connected to an RFID processing circuit, not shown, on the
circuit substrate 1.

Magnetic fluxes from above the antenna device 106 pass
into the coil opening 63, and induce the current in the coil 70.
By making the coil opening 63 larger, the incoming magnetic
fluxes increase and the induced current 1s increased, which 1s
thus preferable. The magnetic fluxes that are passed into the
magnetic core 60 cannot penetrate the circuit substrate 1 since
a ground electrode 1s provided on the circuit substrate 1. The
magnetic fluxes branch off 1n the magnetic core 60, and pass
outside primarily from the curved portions 61 and 62. Since
the magnetic core 60 includes the curved portions 61 and 62
at both ends thereot, a section perpendicular or substantially
perpendicular to each principal surface 1s larger at the ends of
the magnetic core 60. Accordingly, the magnetic reluctance at
the ends of the magnetic core 60 1s decreased and the mag-
netic fluxes can pass through the magnetic core 60 more
casily. In addition, since the end surfaces of the curved por-
tions 61 and 62 are not disposed on the circuit substrate 1 and
are located outside of the circuit substrate 1, the magnetic
fluxes are radiated from substantially the entire surface of the
curved portions including the end surfaces. Accordingly, the
structure provides significantly high radiation efficiency of
the magnetic fluxes and enables the magnetic fluxes to pass
through the magnetic core 60 more easily. Since the coil 70
preferably has a substantially spiral shape on the first princi-
pal surface of the magnetic core 60 1n this preferred embodi-
ment, it 15 possible to make the magnetic core 60 thinner as
compared to the following preferred embodiments.

A second preferred embodiment will be described with
retference to FI1G. 2. FIG. 2 1s a perspective view of an antenna
device 100 that 1s a second preferred embodiment of the
present invention. The same numerals are applied to the same
portions as those of FIG. 1, and the description thereof 1s
omitted.

An antenna coil 200 1s disposed on a circuit substrate 1. A
magnetic core 2 1s provided in the antenna coil 200. Both ends
of the magnetic core 2 curve near lateral surfaces of the circuit
substrate 1 so as to define curved portions 20 and 21 that
extend 1n a direction along the lateral surfaces of the circuit
substrate 1. A coil conductor 4 and a coil conductor 5 are
wounded around the magnetic core 2, thereby defining a coil
portion A and a coil portion B at a portion of the magnetic core
2 excluding the curved portions 20 and 21. The coil portion A
and the coil portion B define a pair of coils. The curved
portions 20 and 21 are arranged 1n a direction of coil axes of
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the coil portion A and the coil portion B. In addition, the coil
axes of the coil portion A and the coil portion B are substan-
tially parallel to a mounting surface of the circuit substrate 1,
and are preferably substantially coincident with one another.
Although only eight turns of the winding are shown 1n each
coil portion for convenience of description, the number of
turns 1s not limited to this. The coil portion A and the coil
portion B are spaced apart from one another by a predeter-
mined interval d, and a non-coil portion 3 1s provided ther-
cbetween. The non-coil portion 3 allows magnetic tluxes to
pass into the magnetic core 2. The right end of the coil portion
A and the left end of the coil portion B are senally connected
by a connecting conductor 6 to define a pair of coils. The coil
conductors 4 and 5 and the connecting conductor 6 defining
the pair of coils are preferably formed by a single copper wire.
The copper wire 1s wound around the magnetic core 2,
whereby the coil portion A and the coil portion B are formed.
Since winding directions around the coil axes of the coil
portion A and the coil option B are opposite to one another,
the coil does not induce a current 1in response to magnetic
fluxes that penetrate the magnetic core along both coil axes. A
terminal 7 1s connected to a starting end (or a terminating end)
of the coil portion A, and a terminal 8 1s connected to a
terminating end (or a starting end) of the coil portion B. The
terminals 7 and 8 and the ends of the coils can preferably be
clectrically connected by soldering, for example. The termi-
nals 7 and 8 are pattern electrodes provided on the circuit

substrate 1, and are connected to an RFID processing circuit,
not shown, on the circuit substrate 1.

FIG. 3 1s a conceptual sectional view along the coil axis of
the antenna device 100 shown 1n FIG. 2. In FIG. 3, the same
numerals are applied to the same portions as those of FIG. 2,
and the description thereof 1s omitted.

Magnetic fluxes 300 and 301 from above the antenna
device 100, 1.e., from a principal surface of a mobile phone
cannot penetrate the circuit substrate 1 because a ground
clectrode 1s disposed on the circuit substrate 1. The magnetic
fluxes 300 and 301 enter the magnetic core 2 through the
non-coil portion 3 disposed between the coil portion A and the
coil portion B of the antenna coil 200, and pass through the
magnetic core 2 along the coil axis, and go out from end faces
9 and 10. In this preferred embodiment, the end surfaces 9 and
10 mean surfaces extending a curving direction of the mag-
netic core 2 and are located at leading ends of the magnetic
core 2. Since outer sides of the coil portion A and the coil
portion B of the magnetic core 2 are bent toward the side of
the circuit substrate 1, a CC-cross section and a DD-cross
section become larger, due to which, the magnetic reluctance
at the exits of the magnetic fluxes reduces and the magnetic
fluxes can pass through the magnetic core 2 more easily.
Similar advantages can be obtained when the magnetic core 1s
bent toward a side opposite to the circuit substrate 1. When the
magnetic core 1s bent toward the side of the circuit substrate
1, components of the magnetic fluxes 300 and 301 that are
bent toward the side of the circuit substrate 1 are produced, as
shown 1n FI1G. 3. Paths of the magnetic fluxes bent toward the
side of the circuit substrate 1 1s along an original path of the
magnetic fluxes and the magnetic fluxes can pass through the
magnetic core 2 more easily, which 1s more preferable.
Although the curved portions 20 and 21 are preferably pro-
vided at both ends of the magnetic core 2 of the antenna
device 100, the curved portions are not necessarily disposed
at both ends. In addition, one end of the magnetic core 2 may
be bent toward the side of the circuit substrate 1, while the
other end may be bent away from the side of the circuit
substrate 1. However, providing curved portions that curve
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toward the side of the circuit substrate 1 at both sides 1s more
elfective, and thus, more preferable.

Since winding directions of the coil portion A and the coil
portion B are opposite to one another, a direction of the
current inducted by the magnetic flux 300 at the coil portion
A and flowing around the coil axis 1s substantially the same as
a direction of the current induced by the magnetic flux 301 at
the coil portion B and flowing around the coil axis. Since the
coil portion A and the coil portion B are connected by the
connecting conductor 6 so that the right end of the coil portion
A and the left end of the coil portion B 1s connected as shown
in FIG. 2, the current induced 1n the coil portion A and the
current induced 1n the coil portion B are not cancelled out.
This enables a high-level signal to be extracted from the
terminal 7 and the terminal 8.

Although a ground electrode 1s preterably provided on a
surface facing a surface of the circuit substrate 1 on which the
magnetic core 2 1s mounted 1n this preferred embodiment, for
example, a configuration in which a ground electrode 1s pro-
vided on a middle layer of a multilayer circuit substrate pro-
vides advantages that are similar to those of the above-de-
scribed preferred embodiments. In addition, the coil
conductor 4 defining the coil portion A, the coil conductor 3
defining the coil portion B, and the connecting conductor 6
may be defined by different copper wires, and may be elec-
trically connected to each other by soldering, for example.
Furthermore, although the coil portion A and the coil portion
B are serially connected in this preferred embodiment, the
coil portion A and the coil portion B may be connected 1n
parallel.

A third preferred embodiment will be described next using
FIG. 4. FI1G. 4 1s a perspective view of an antenna device 101
that 1s a third preferred embodiment of the present invention.
The same numerals are applied to the same portions as those
of FIG. 2, and the description thereot 1s omaitted.

A coil portion A and a coil portion B are connected by a
conductor pattern 30 provided on a circuit substrate 1. The
conductor pattern 30 can preferably be formed on the circuit
substrate 1 by pattern printing, for example. An end of the coil
portion A and an end of the conductor pattern 30, and an end
ol the coil portion B and the other end of the conductor pattern
30 are preferably soldered, for example. Here, an example 1n
which a winding direction of the coil portion A around the coil
ax1is and a winding direction of the coil portion B around the
coil axis are the same direction 1s shown. The left end of the
coil portion A and the left end of the coil portion B 1s con-
nected by the conductor pattern 30 as shown 1n FIG. 4 so that
the current induced in the coil portion A and the current
induced 1n the coil portion B by magnetic fluxes as shown 1n
FIG. 3 are not cancelled. In the third preferred embodiment,
as 1n the second preferred embodiment, the coil portion A and
the coil portion B may be connected using a connecting,
conductor provided on a magnetic core 2. However, when
such a configuration 1s used, since the current may flow 1nto
locations other than the ends of the coil portions A and B due
to crossing of the connecting conductor provided on the mag-
netic core 2 and the coil portions A and/or B, msulating layers
must be provided at the crossing portions.

The magnetic core 2 includes curved portions 22 and 23
whose shapes are different from those of the antenna device
100. The curved portions 22 and 23 are provided along lateral
surfaces of a circuit substrate 1. When the configuration of the
antenna device 101 1s used, a CC-cross section and a DD-
cross section corresponding to FIG. 3 are further enlarged,
which further reduces the magnetic reluctance at the ends of
the magnetic core 2, enabling magnetic fluxes to pass through
more easily and increasing the sensitivity of the antenna. In
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addition, an effect of bending magnetic fluxes toward the side
of the circuit substrate 1s also increased, which 1s preferable.

A fourth preferred embodiment will be described next
using FI1G. 5. FIG. 5§ 1s a perspective view of an antenna device
102 that 1s a fourth preferred embodiment of the present
invention. The same numerals are applied to the same por-
tions as those oI FI1G. 2, and the description thereof 1s omitted.

The right end of a coil portion A and the left end of a coil
portion B are connected by a conductor pattern 31 provided
on a circuit substrate 1. Here, as in the second preferred
embodiment, a winding direction of the coil portion A around
the coil axis and a winding direction of the coil portion B
around the coil axis are opposite to one another. The antenna
device 102 of the fourth preferred embodiment 1s different
from the second preferred embodiment in that the coil portion
A and the coil portion B are connected using a conductor
pattern 31 provided on the circuit substrate 1 but not using a
conductor provided on a magnetic core 2 and in that the
magnetic core 2 preferably includes two-step curved portions
24 and 25 at both ends thereot. The curved portion may have
three or more steps, for example. This can prevent a crack that
may occur during forming and burning of the magnetic core.
Advantages regarding electric characteristics are substan-
tially the same as those of the second preferred embodiment.

A fifth preferred embodiment will be described next using
FIG. 6. FIG. 6 1s a perspective view of an antenna device 103
that 1s a fifth preferred embodiment of the present invention.
The same numerals are applied to the same portions as those
of FIG. 2, and the description thereof 1s omitted.

A configuration of a coil portion A, a coil portion B, and a
connecting conductor 6 are substantially the same as that of
the second preferred embodiment. Both ends of a magnetic
core 2 curve without a sharp corner to define curved portions
26 and 27. The magnetic core having such a shape can be
produced by first pressing or molding a magnetic core 1nto a
plate shape 1n the course of forming of the magnetic core 2,
and burning the magnetic core after performing the bending
in an unsintered state. Since a die cost 1s cheaper than pressing
complex shapes, such as those 1n the third preferred embodi-
ment and the fourth preferred embodiment, the magnetic core
can be mexpensively produced. Advantages regarding elec-
tric characteristics are substantially the same as those of the
second preferred embodiment.

A sixth preferred embodiment will be described next using
FIG. 7. FI1G. 7 1s a perspective view of an antenna device 104
that 1s a sixth preferred embodiment of the present invention.
The same numerals are applied to the same portions as those
of F1G. 6, and the description thereof 1s omitted.

The antenna device 104 includes two divided magnetic
cores 40 and 41. A coil portion A 1s provided on the magnetic
core 40 using a coil conductor 4, and a coil portion B 1s
provided on the magnetic core 41 using a coil conductor 3.
The coil portions define a pair of coils. The magnetic cores 40
and 41 are mounted on a circuit substrate so as to be spaced
apart from each other by a predetermined interval e so that
coil axes of the coil portion A and the coil portion B are
substantially coincident with one another. The right end of the
coil portion A and the left end of the coil portion B are
connected by a conductor pattern 32 provided on the circuit
substrate. The configuration other than the division of the
magnetic cores and the connection of the coil portion A and
the coil portion B by the conductor pattern 32 disposed on the
circuit substrate 1s substantially the same as that of the fifth
preferred embodiment. Such a configuration enables the
magnetic core 40 having the coil portion A provided thereon
and the magnetic core 41 having the coil portion B provided
thereon to include substantially the same components. Since
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the configuration of each coil 1s simple, this configuration has
an advantage 1n mass production and the antenna device can
be mexpensively produced.

Since magnetic fluxes extending to a circuit substrate 1
perpendicularly or substantially perpendicularly from above
the circuit substrate 1 cannot penetrate a ground electrode
disposed on the circuit substrate 1, the magnetic fluxes are
bent 1n a direction along a surface of the circuit substrate 1 at
a non-coil portion 50. The bent magnetic fluxes pass into the
magnetic cores from ends 31 and 52 of the magnetic cores on
the circuit substrate 1, and induce the current in the coil
portion A and the coil portion B. A conceptual diagram of
magnetic fluxes passing through the antenna device 104 1s
substantially the same as that shown 1n FIG. 3.

A seventh preferred embodiment will be described next
using FI1G. 8. FIG. 81s a perspective view of an antenna device
108 that 1s a seventh preferred embodiment of the present
invention. The same numerals are applied to the same por-
tions as those o FI1G. 7, and the description thereof 1s omaitted.

A method for forming magnetic cores 40 and 41 and coil
portions A and B 1s substantially the same as that of the sixth
preferred embodiment. A point different from the sixth pre-
terred embodiment 1s that coil axes of the coil portion A and
the coil portions B differ, 1.e. are not substantially coincident
with one another. The magnetic core 40 and the magnetic core
41 are arranged on a circuit substrate 1 so that a coil cross
section of the coil A and a coil cross section of the coil B
projected onto a given plane perpendicular or substantially
perpendicular to the coil axes include an overlapping portion
and a non-overlapping portion. By shifting the locations of
the magnetic core 40 and the magnetic core 41, the coil axes
of the coil portion A and the coil portion B are also shifted.
Such an arrangement method enables fine adjustment of the
mounting locations of the separate magnetic cores 40 and 41,
thus increasing the design flexibility of circuit substrates.

In addition, the antenna device 108 according to this pre-
terred embodiment does not have any significant deteriora-
tion of communication distance as compared to the antenna
device according to the sixth preferred embodiment. This 1s
because the number magnetic fluxes, among magnetic fluxes
passing between the magnetic core 40 and the magnetic core
41, that are not led into the coil portion A and the coil portion
B 1s extremely low since the magnetic cores are mounted on
the circuit substrate 1 so that the coil cross section of the coil
portion A and the coil cross section of the coil portion B
projected onto the given plane perpendicular or substantially
perpendicular to the coil axes have an overlapping portion and
a non-overlapping portion when viewed from the coil axis
direction.

Although the arrangement locations of the magnetic cores
40 and 41 are preferably shifted in a direction perpendicular
or substantially perpendicular to the coil axis along the circuit
substrate 1 in the above-described preferred embodiment, the
present invention 1s not limited to this preferred embodiment.
For example, the location of each magnetic core may be
shifted 1n a direction perpendicular or substantially perpen-
dicular to a principal surface of a circuit substrate so that
distances between each magnetic core and the circuit sub-
strate differ or the location of each magnetic core may be
shifted 1n different direction so as to shift the coil axes.

An eighth preferred embodiment will be described with
reference to FI1G. 9. FIG. 9 1s a sectional view along a coil axis
of an antenna device 107 that 1s an eighth preferred embodi-
ment of the present ivention. This preferred embodiment
shows a sectional view when a magnetic core 2 1s not adhered
to a circuit substrate 1 1n the antenna device 102 that 1s the
tourth preferred embodiment shown 1in FIG. 5. The same
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numerals are applied to the same portions as those of FIG. 5,
and the description thereot 1s omitted. Although the coil por-
tion A and the coil portion B are connected with the conductor
pattern 31 disposed on the circuit substrate 1 in the fourth
preferred embodiment, a coil portion A and a coil portion B
are preferably connected by a connecting conductor disposed
on a lateral surface of a magnetic core 2 1n this preferred
embodiment as 1n the fifth preferred embodiment shown 1n
FIG. 6. Additionally, the sections of coil conductors 4 and 5
are omitted from FIG. 9.

In this preferred embodiment, a description 1s provided of
a sectional diagram of a casing 70 of a mobile phone. The
casing 70 1s preferably made of a resin or other suitable
material that allows magnetic fluxes to pass. A magnetic core
2 1s fixed to the casing 70 with fixing members 75 and 76. An
adhesive or a double-sided adhesive tape 1s preferable as the
fixing member, for example. In addition, the magnetic core
may be mechanically fixed to a suitable holder disposed on
the casing 70. Preferably, a member that does not directly
transmit an 1mpact imposed on the casing 70 to the magnetic
core 2 and that has the elasticity for absorbing the linear
expansion of the casing 70 and the magnetic core 2 1s used as
the fixing member. When the magnetic core 2 1s fixed to the
casing 70 as described above, a gap 400 1s provided between
the circuit substrate 1 and the magnetic core 2. Although
electronic components to be mounted on the circuit substrate
1, such as, for example, an IC, a capacitor, an inductor, and a
filter, for example, are provided 1n the gap 400, the 1llustration
thereof 1s omitted.

It 1s assumed that a reader/writer 1s arranged at the upper
side of this drawing. Magnetic fluxes 302 extending from the
upper side of the drawing penetrate the casing 70, and pass
into the magnetic core 2 from a non-coil portion 3 of the
magnetic core 2. As described 1n FIG. 3, when the magnetic
core 2 1s arranged close to the circuit substrate 1, magnetic
fluxes are shielded by a ground surface disposed on the circuit
substrate 1 and are guided to the magnetic core 2, whereby the
current 1s mnduced. When a gap 200 1s provided, as 1n this
preferred embodiment, and the magnetic core 2 does not have
an electrode for shielding magnetic fluxes, a portion of the
magnetic fluxes 302 passing mto the magnetic core 2 passes
through the magnetic core 2, reaches the ground surface of the
circuit substrate 1, 1s shielded by the ground surface, and 1s
guided to the gap 400. In this preferred embodiment, a shield-
ing electrode 68 1s preferably disposed on substantially an
entire surface of the magnetic core 2 facing the circuit sub-
strate 1. The shuelding electrode 68 may preferably be formed
according to a method for aflixing a plate of a conductive
member to the magnetic core 2 or a method for coating a
conductive paste onto the magnetic core 2, for example. The
magnetic fluxes 302 cannot penetrate the magnetic core 2 due
to the shielding electrode 68, and are divided 1nto a magnetic
flux 303 passing to the left side of the magnetic core 2 and a
magnetic flux 304 passing to the right side of the magnetic
core 2. As described 1n FIG. 3, the magnetic flux 303 and the
magnetic flux 304 induce the currents 1n the coil portion A and
the coil portion B. Since the shielding electrode 68 must be
clectrically imsulated from the coil conductors 4 and 5, the
shielding electrode 68 1s preferably disposed on the magnetic
core 2 through an mnsulating layer defined by an insulating
adhesive, for example. It 1s preferable that the shielding elec-
trode 68 15 disposed on the magnetic core 2 through an 1nsu-
lating layer of low magnetic permeability even at the non-coil
portion 3 not including the coil conductor 4 or 5 so as not to
reduce the ) value of the coil portions A and B functioning as
an antenna. The shielding electrode 68 does not need to cover
substantially the entire surface of the magnetic core 2 that
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faces the circuit substrate 1. In addition, the shielding elec-
trode 68 may pretferably be extended to a lateral surface of the
magnetic core 2 11 required.

Although an example that end surfaces 9 and 10 not defin-
ing the curve of the magnetic core 2 are arranged to be outside
of a mounting surface ol the circuit substrate 1 1s shown in this
preferred embodiment, the end surfaces 9 and 10 may be
arranged over the mounting surface of the circuit substrate 1.
However, when the end surfaces 9 and 10 are not arranged
over the mounting surface of the circuit substrate 1 and are
located outside of the circuit substrate 1 1 plan view, the
magnetic fluxes 303 and 304 having induced the current 1in the
coil portion A and the coil portion B are radiated to the outside
from the surface of the curved portions 24 and 25 including
the end surfaces 9 and 10. Accordingly, since an area from
which the magnetic fluxes are radiated 1s increased and the
radiation efficiency of the magnetic fluxes 1s improved, it 1s
more preferable to arrange the end surfaces 9 and 10 outside
of the mounting surface.

A ninth preferred embodiment will be described with ret-
erence to FIGS. 10 and 11. FIG. 10 1s a perspective view of an
antenna device 109 that 1s a ninth preferred embodiment of
the present mvention. FIG. 11 1s a plan view of a flexible
substrate defining the antenna device 109 that 1s the ninth
preferred embodiment of the present invention. In this pre-
terred embodiment, a coil conductor 1s provided on an 1nsu-
lating tlexible substrate 80 preferably made of polyimide or
other suitable material, and the flexible substrate 1s wound
around a magnetic core 2, whereby a coil 1s formed. A con-
figuration excluding the coil forming method 1s substantially
the same as that of the second preferred embodiment.

The flexible substrate 80 1s wound around a portion of the
magnetic core 2 excluding curved portions 20 and 21 dis-
posed at the ends thereof. As shown 1n FIG. 11, the flexible
substrate 80 has a substantially rectangular principal surface.
Conductor patterns 84 defining a coil portion A and conductor
patterns 85 defining a coil portion B are provided at both sides
ol the principal surface excluding the central portion so as to
connect an upper end and a lower end of the flexible substrate
80. Each of the conductor patterns 84 and 85 includes a bent
portion 82 near the approximate center thereof. In addition,
two conductor patterns located at innermost locations on the
principal surface of the flexible substrate 80 among the con-
ductor patterns 84 and 85 provided on both sides excluding
the central portion are connected by a conductor pattern 86
defining a connecting conductor. The conductor patterns 84,
85, and 96 can preferably be formed by screen printing or
ctching, for example. The flexible substrate 80 1s wound
around the magnetic core 2 with the surface having the con-
ductor patterns 84 and 85 being inside such that the upper
ends and the lower ends of the conductor patterns 84 and 835
defining the coil portion A and the coil portion B sequentially
overlap. The overlapping portions are electrically connected,
for example, by soldering. In this manner, the conductor
patterns 84 and 85 define a series of coils as shown 1n FIG. 10.
Although the conductor patterns 84, 85, 86 are shown as a
single line 1 FIG. 10, the conductor patterns have a prede-
termined width as shown 1n FI1G. 11. The tlexible substrate 80
can preferably be fixed around the magnetic core 2 by solder-
ing or other suitable method. By adhering the flexible sub-
strate 80 on the magnetic core 2 with an adhesive, stable
production 1s possible. The flexible substrate 80 may be
wound around the magnetic core 2 so that the surface having,
the conductor patterns 84 and 83 1s located outside. However,
when the surface having the conductor patterns 84 and 85 1s
located 1nside, the conductor patterns are much less likely to
peel off, which 1s thus more preferable.
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Since formation of a coil according to such a method elimi-
nates the need to print conductors on a magnetic core, the coil
conductors can be inexpensively formed. In addition, when
an electrode 1s formed directly on a magnetic core, there 1s a
problem 1n that the Q value of the coils functioning as an
antenna decreases. When an insulating tlexible substrate hav-
ing low magnetic permeability 1s used, the Q value 1is
improved, which 1s thus more preferable.

In addition, shapes of the conductor patterns 84, 85, and 86
provided on the flexible substrate 80 are not limited to the one
described above.

A tenth preferred embodiment will be described with ret-
erence to FIG. 12 and FIG. 13. FIG. 12 is a perspective view
of an antenna device 110 that 1s a tenth preferred embodiment
of the present mnvention. FIG. 13 1s a plan view of a flexible
substrate defining the antenna device 110 that i1s the tenth
preferred embodiment of the present mvention. As 1n the
ninth preferred embodiment, a flexible substrate having coil
conductors provided thereon 1s wound around a magnetic
core, whereby a coil 1s provided in this preferred embodi-
ment. The tenth preferred embodiment 1s different from the
ninth preferred embodiment in that the flexible substrate 1s
also wound around curved portions to form coils and 1n that
the magnetic core 1s divided 1nto two portions.

The antenna device 110 includes two divided magnetic
cores 90 and 91. Curved portions 92 and 93 are provided at the
left end of the magnetic core 90 and the right end of the
magnetic core 91. One flexible substrate 94 1s wound around
the magnetic cores 90 and 91. The flexible substrate 94 also
covers the curved portions 92 and 93.

As shown 1n FIG. 13, the flexible substrate 94 includes
three notches 97a, 97b, and 97¢ and one protrusion 98. Con-
ductor patterns 95 defining a coil A and conductor patterns 96
defining a coil B are provided on both sides of a principal
surface of the flexible substrate 94 excluding a central portion
so as to be connected to a lower end of the tlexible substrate
94 but not to be connected to an upper end thereof. The
configuration of each conductor pattern 1s substantially the
same as that of the ninth preferred embodiment. A conductor
pattern 99 arranged to be connected to a terminal (not shown)
1s disposed near the upper end of the flexible substrate 94, and
extends to an end portion of the protrusion 98 of the flexible
substrate 94. A conductor pattern of the protrusion 98 1s
connected to an external terminal (not shown).

The flexible substrate 94 1s bent along the curved portions
92 and 93 of the magnetic cores 90 and 91. Thereatter, the
flexible substrate 94 1s wound around the magnetic cores 90
and 91 so that upper ends and lower ends of the conductor
patterns 95 and 96 defining the coil A and the coil B sequen-
tially overlap. The overlapping portions are electrically con-
nected by soldering, for example. In this manner, the conduc-
tor patterns 95 and 96 define a series of coils.

Formation of a coil according to such a method enables coil
conductors to be easily formed at the curved portions 92 and
93 of the magnetic core 90 and 91. When the coil conductors
are formed at the curved portions 92 and 93, advantages
similar to those obtained when the length of the coil 1s
increased can be obtained, and the sensitivity of the antenna
can be improved.

Although three notches 97a, 975, and 97¢ are pretferably
provided on the flexible substrate 94 1n the antenna device
110, for example, the notches are not necessarily provided.
However, since the notch 976 located at the approximate
center of the tlexible substrate 94 generates a space between
the circuit substrate 1 and the flexible substrate 94 and enables
other circuit components to be mounted, 1t 1s preferable to
provide the notch. In addition, since the notches 97aq and 97¢
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provided between the conductor patterns 95 defining the coil
A and between the conductor patterns 96 defining the coi1l B
tacilitate winding of the flexible substrate 94 around the mag-
netic cores 90 and 91, 1t 1s preferable to provide the notches.

As a preferred embodiment of the present invention that 1s
not described i any of the above-described preferred
embodiments, a coil portion A and a coil portion B can be
connected using a substrate that 1s different from a circuit
substrate 1 in the fifth preferred embodiment shown 1n FI1G. 6.
In this case, both of a co1l conductor defining the coil portion
A and a coil conductor defining the coil portion B is provided
on a tlexible substrate having the above-described coil con-
ductors thereon. Furthermore, a connecting conductor
arranged to connect these coils may be provided on the flex-
ible substrate.

While preferred embodiments of the present invention
have been described above, 1t 1s to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing the scope and spirit of the present inven-

tion. The scope of the present invention, therefore, 1s to be
determined solely by the following claims.

What 1s claimed 1s:

1. An antenna device comprising:

an antenna coil including a magnetic core having a first
principal surface, a second principal surface facing the
first principal surface, and a curved portion at at least one
end of the magnetic core, and a coil provided on the first
principal surface of the magnetic core, a coil axis of the
coil being substantially perpendicular to the first princi-
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pal surface, and an opening being disposed at the
approximate center of the coil; and

a circuit substrate; wherein

the antenna coil 1s arranged to radiate magnetic fluxes;

the curved portion 1s curved 1n a direction such that the
magnetic fluxes are bent towards the circuit substrate
and paths of the magnetic fluxes extend to sides of the
circuit substrate; and

the antenna coil 1s arranged such that the second principal
surface of the magnetic core faces a mounting surface of
the circuit substrate.

2. The antenna device according to claim 1, wherein the

curved portion 1s arranged to extend in a direction along a
lateral surface of the circuit substrate.

3. The antenna device according to claim 2, wherein at least
a portion of an end surface of the magnetic core 1s located
outside the circuit substrate in a plan view.

4. The antenna device according to claim 1, wherein the
antenna coil 1s mounted on the circuit substrate with a space
therebetween.

5. The antenna device according to claim 1, wherein a
flexible substrate having an electrode pattern provided
thereon 1s wound around the magnetic core to define the coil.

6. The antenna device according to claim 1, wherein the
antenna coil 1s directly mounted on the circuit substrate.

7. The antenna device according to claim 1, wherein the
curved portion 1s provided at one end of the magnetic core.

8. The antenna device according to claim 1, wherein a
plurality of the curved portions 1s provided at two opposite
ends of the magnetic core.
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